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INTRODUCTION
Polarimetric Synthetic Aperture Radar (PolSAR) is a new type of imaging radar used to measure the polarization characteristics of radiation signals. Because of its ability to obtain target scattering echoes in different polarimetric states, PolSAR is better to describe the information contained in the target and has been widely used in many fields including military investigation, geological exploration, surveying agriculture and forestry research. However, the speckle existing in PolSAR seriously hinders the quality of image and affects the classification, identification and interpretation. Therefore, the study of PolSAR speckle suppression algorithm has become an important problem in the application of PolSAR.
Different methods have proposed to reduce speckles on PolSAR, including adaptive filters, nonlocal(NL) means filters and variational methods. Adaptive filters are built based on the theory of minimum mean square error(MMSE), such as Lee filter, Kuan filter, Frost filter. Generally, these filters reduce the image speckle with local statistics and adjusting filter window. The NL means filters can well preserve the repetitive structures. However, these methods present huge computational burden.
In recent years, variational methods have been widely studied for SAR image despeckling since they can effectively reduce speckle preserving linear structure. The total variation(TV) despeckling model was proposed by Rudin, Osher, Fatemi(ROF) (Rudin et al.,1992) . Since SAR images contains multiplicative speckle noise, Wang, et al. proposed to first transform the multiplicative noise into additive noise through logarithmic transformation and then applied TV despeckling method (Wang et al., 2017) . To reduce the staircase effect, Markarian et al. proposed a method using high-order total variation (High-TV) despeckling, which is in the compressive sensing (CS) framework (Markarian et al., 2017) . On PolSAR images, speckle perturbs each polarization channel and the interchannel correlations, which carry the important information on the target scattering mechanisms. Liu et al. proposed two adaptive vectorial models for despeckling multi-channel SAR images (Liu et al.,2013) . However, the filtering methods process the channels respectively are not suitable for PolSAR data due to the complete target statistics are contained in the covariance matrix or coherent matrix of the multivariate scattering vector.
The purpose of this paper is to address the problem of PolSAR despeckling. In this paper, we propose a polarization relative TV (PolRTV) despeckling method for PolSAR image. The rest of this paper is organized as follows. In section 2, the PolRTV models for speckle reduction of PolSAR coherency is presented. Experimental results on real PolSAR data are shown in Section 3. Some concluding marks are given in Section 4.
IMPROVED RELATIVE TOTAL VARIATION MODEL

Relative Work
Xu et al. proposed the RTV model which make main structures stand out (Xu et al.,2012) .The objective function is expressed as The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3, 2018 ISPRS TC III Mid-term Symposium "Developments, Technologies and Applications in Remote Sensing", 7-10 May, Beijing, China   the weight in regularized optimization   the small positive number
Model Formulation
The PolSAR data involve complex-valued matrics with multiplicative and additive noise. The diagonal elements of the coherency matrix are real numbers and can be characerized by the multiplicative noise, while the off-diagonal elements are complex numbers and characterized by a combination of multiplicative and additive noise (Lopez-Martinez et al.,2003) . To explore the mixed noise intensively from PolSAR, we aimed to formulate a new model from two aspects: (1) we wanted to apply a better way to capture the structure based on the diagonal elements of the coherency matrix; (2) we wanted to apply a better way to preserve the polarimetric information based on the off-diagonal elements of the coherency matrix.
Considering the PolSAR data in the area of size mn  and every resolution element corresponds to a 33  coherency matrix, the objected coherency data Z and the true coherecy data T in this area are fourth-order tensors with size 33 mn    . For convenience, we use the following notations: 
: The diagonal elements of the polarized coherent matrix participate in the RTV. In iterative process, key steps of the iteration mainly depend on the wishart distance comparison between the two adjacent iteration results.
EXPERIMENT AND RESULTS
Experimental Datasets
The PolSAR datatset is acquired by the AIRSAR sytem over San Francisco. The region of 300×300 pixels is selected from the AIRSAR image, which is mainly composed of water, forest and urban areas. The Pauli decomposition image of the AIRSAR data is shown in Fig.1 . Figure 1 . AIRSAR color-coded Pauli image of San Francisco.
Evaluation
For quantitative comparison, the equivalent number of looks (ENL), the structural similarity (SSIM), the polarimetric signature and Edge preservation degree based on ratio of average (EPD-ROA) are utilized in this paper.
Equivalent Number of Looks:
The ENL is an indicator of speckle nosie level. Higher ENL value means perfect despeckle result (Huang et al.,2009) , which is defined as follows:
where =  the average intensity of the homogeneous area =  the corresponding standard deviation.
Structural Similarity Index Measure: Wang et al.
proposed SSIM to measure the similarity between two images (Wang et al., 2004) . The values of the SSIM is in [-1,1] . SSIM is defined as follows:
where 1 C , 2 C , 3 = C small constants 
Experiments on PolSAR Data
The filtering experiments are performed and compared by the TV and non-TV filtering methods, respectively. In this paper, the chosen filtering methods includes (a) the Boxcar filter;(b) the intensity driven adaptive neighborhood (IDAN); (c) the Refined Lee filter; and (d) the proposed PolRTV filter.
In this experiments, the despeckled images are represented by calculating the ENL, the SSIM and the EPD-ROA for the whole image along the horizontal (EPRH) and vertical (EPRV) direction. Table 1 gives all the numerical evaluation results for these images. The despeckled results for the different filters are shown in Fig.2 . We used the polarization signature to evaluate the preservation of polarimetric information for the filters. Figure 3 shows the copular and cross-polar signature for builtup arear.
As shown in Tab.1, these results are clearly in the indicate that the PolRTV method produces better results. 
CONCLUSION
In this paper, we proposed a PolRTV despeckling method considering the wishart measure. The method preserves not only the structural information but also polarimetric properties of PolSAR image. However, in some extent, the method blurs the edge of region, such as coastline. Improving the method to preserve the edge of region and extending the method to extraction of different objects from PolSAR images are future works in this direction.
